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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide a terminated composition for 
reducing the 

length effect of a resistor terminated by silver at a low cost. 

SOLUTION: This thick-film silver terminated composition contains 
(a) 60-80 

wt.% of silver powder, (b) 0.1-15 wt.% of glass binder having a 
softening point 

of 400-650°C and absolute viscosity less than 106 poise at a. 
burning 

temperature, (c) a 0.1-5 wt.% of negative TCR driver, with (a), (b) , 

(c) V 
dispersed in an organic vehicle . The negative TCR driver is a 

composition 

which can be substituted with a hydride' of a metal of a group four or 



five in the periodic table. The negative TCR driver can also be 



a group 
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V 



substituted 

with a selected metal powder or the metal powder which can be 
combined with a 
hydride or a driver. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is :a. on the basis of all constituents. 60 - 80 % of the weight of silver dust 
objects; 

b. Set to 400-650-degree C softening temperature and burning temperature, and it is 106. 
0.1 - 15 % of the weight of particles of a glass binder which have the absolute viscosity of 
under a poise; 

c. The thick-film silver termination constituent characterized by distributing a, b, and c in an 
organic vehicle here including 0.1 - 5 % of the weight of negative TCR drivers, and;. 
[Claim 2] It is :a. on the basis of all constituents. 60 - 80 % of the weight of silver dust 
objects; 

b. Set to 400-650-degree C softening temperature and burning temperature, and it is 106. 
0.1 - 15 % of the weight of particles of a glass binder which have the absolute viscosity of 
under a poise; 

c. The thick-film silver termination constituent characterized by distributing a, b, and c in an 
organic vehicle here including 0.1 - 5 % of the weight of hydrides of the metal of the 4th 
group of a periodic table, and the 5th group, and;. 

[Claim 3] It considers as all constituent criteria and is :a. 60 - 80 % of the weight of silver 
dust objects; 

b. Set to 400-650-degree C softening temperature and burning temperature, and it is 106. 
0.1-15% of the weight of particles of a glass binder which have the absolute viscosity of 
under a poise; 

c. The thick-film silver termination constituent characterized by distributing a, b, and c in an 
organic vehicle here including 0.1 - 5 % of the weight of metal fine particles and; which are 
chosen from the group which consists of Ti, Nb, Mn, Fe, Co, Cr, W, Mo, V, and Sb. 
[Claim 4] The constituent according to claim 1 characterized by choosing said negative TCR 
driver from the group of the oxide of Ta, Ti, Nb, Mn, Fe, Co, Cr, W, Mo, V, and Sb. 

[Claim 5] The hydride of said metal is TiH2, ZrH2, HfH2, CbH2, and ThH4. And constituent 
according to claim 2 characterized by being chosen from the group which consists of TaH. 
[Claim 6] The constituent according to claim 1 characterized by having the metal fine 
particles chosen from the group which furthermore consists of Ti, Nb, Mn, Fe, Co, Cr, W, 
Mo, V, and Sb. 

[Claim 7] The constituent according to claim 2 characterized by having the metal fine 
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particles chosen from the group which furthermore consists of Ti, 1Mb, Mn, Fe, Co, Cr, W, 
Mo, V, and Sb. 

[Claim 8] The constituent according to claim 1 characterized by said glass binder being 
boric-acid bismuth lead glass. 

[Claim 9J The constituent according to claim 2 characterized by said glass binder being 
boric-acid bismuth lead glass. 

[Claim 10] The constituent according to claim 3 characterized by said glass binder being 
boric-acid bismuth lead glass. 

[Claim 1 1] The constituent according to claim 1 characterized by having said 0.1 - 10% of 
the weight of glass binder. 

[Claim 12] The constituent according to claim 2 characterized by having said 0.1 - 10% of 
the weight of glass binder. 

[Claim 13] The constituent according to claim 3 characterized by having said 0.1 - 10% of 
the weight of glass binder. 

[Claim 14] The constituent according to claim 1 characterized by being within the limits said 
whose burning temperature is 800-900 degrees C. 

[Claim 15] The constituent according to claim 2 characterized by being within the limits said 
whose burning temperature is 800-900 degrees C. 

[Claim 16] The constituent according to claim 3 characterized by being within the limits said 
whose burning temperature is 800-900 degrees C. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is the thick-film silver termination (termination) 
containing the negative driver or the metal hydride of a temperature coefficient of resistance 
(TCR). It is related with a constituent. 
[0002] 

[Description of the Prior Art] Since it is becoming a trend on industry to create a cheaper 
smaller and electronic instrument, it has been necessary to reduce the size and the price of 
components like the thick-film chip resistor object in such an electronic instrument, and a 
hybrid resistor. 

[0003] For this, the die length of low cost is termination (terminate) about a resistor with a 
small configuration of less than 2mm. The termination with abundant silver to carry out 
realizes. It TCR by which the resistor was measured is not only the function of resistor ink, 
but is dependent on a termination ingredient like a conductor runner (runner). TCR is 
(temperature coefficient of resistivity) - (coefficient of thermal expansion) as used here. The 
combination of typical resistor/conductor was shown in drawing 1 . The both ends of a 
resistor have terminated this combination by the conductor runner 12 including the 
substrate 20 which has the resistor 10 printed on that substrate. The near interface field 14 
will also be shown in a terminal to the both ends of a resistor soon. The interface field 14 is 
a field of the resistor which is easy to be influenced of diffusion by the silver from a 
conductor. 

[0004] In preparation of this combination, printing and baking of a resistor ingredient are 
preceded, and a conductor is printed and calcinated. A conductor may be calcinated by the 
approach of common use, for example, is performed in the cycle of 30 minutes in about 
850-degree-C peak. During baking of a resistor, a conductor ingredient is diffused [ be / it / 
under / of a resistor / other side ], and forms the interface field 14 which has an electrical 
property which is different in the bulk 16 of a resistor. The effect to TCR by which this 
interface field was measured is dependent on extent of diffusion of the conductor ingredient 
into a resistor, and the die length of a resistor. The effect to measured TCR becomes small, 
so that a resistor is long. TCR by which TCR with a high conductor runner was measured is 
raised above the bulk value of a resistor to the resistor of a low value. A silver conductor 
runner has the biggest effect to the measured TCR. 
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[0005] 

[Problem(s) to be Solved by the Invention] As argued above, in using silver termination, 
there is antinomy nature of the engine performance with a short resistor. Such a resistor 
shows the serious problem brought about by diffusion of the silver from termination to the 
interior of a short resistor. It is the "die-length effectiveness" with serious one of the 
problem, and this depends for resistance (R) and the temperature coefficient of resistance 
(TCR) of a resistor on the die length of a resistor. The die-length effectiveness decreases 
by using Pd/Ag or golden termination, and can minimize a resistor / termination interaction. 
However, this approach is not desirable by the reason of clear cost. 
[0006] Drawing 2 illustrates the die-length effectiveness of the thick film resistor which had 
termination made with silver. It is shown that the resistance decreases and TCR increases 
as the die length of a resistor decreases shorter than 2mm. It is : [0007] to which R and 
TCR of a resistor become independent of die length, and it will receive in design eye and R 
will follow the equation of a fundamental thick film if silver diffusion is prevented. 
[Equation 1] R=Rsxn - R is resistance, Rs is sheet resistance here, and n is l/w and is the 
number of square. 

[0008] In addition to 1% of allowed value of + in resistance, or -, the resistor in a technical 
level is produced in TCR now by the allowed value of 100 ppm/degree C of + or -. In order 
to obtain a stricter allowed value in TCR, without increasing the magnitude and the price of 
a resistor, the new constituent for termination is required and it is made for the constituent 
to decrease the die-length effectiveness of the resistor terminated with silver. Therefore, 
this invention is Ru02 of the low resistance (less than lOOohms) terminated with silver. It is 
the approach of the low cost for decreasing the die-length effectiveness of a resistor, and 
the approach is because the negative driver and/or the metal hydride of TCR are added to a 
silver termination constituent. 
[0009] 

[Means for Solving the Problem] For this invention, said constituent is :a. on the basis of all 
constituents about a thick-film silver termination constituent. 60 - 80 % of the weight of silver 
dust objects; 

b. Set to 400-650-degree C softening temperature and burning temperature, and it is 106. 
0.1 - 15 % of the weight of particles of a glass binder which have the absolute viscosity of 
under a poise; 

c. It is characterized by distributing a, b, and c in an organic vehicle here including 0.1 - 5 % 
of the weight of negative TCR drivers, and;. 

[0010] This invention relates to the constituent by which the driver of negative TCR may be 
permuted by the hydride of the metal of four groups of the periodic table, and five groups 
further. A negative TCR driver may be similarly permuted by the fine particles (plurality) 
which may be combined with selection metal fine particles, a hydride, or a driver. 
[0011] 

[Embodiment of the Invention] In order to minimize the die-length effectiveness, as a 
conductor, it has lead borosilicate glass and a negative TCR driver as silver and an 
inorganic binder, and the termination constituent with abundant silver distributed by the 
organic screen-stencil vehicle is used, a TCR driver may be used separately, and may be 
combined, come out of and used. A TCR driver may be found out in glass, may be directly 
added to a silver termination constituent between grinding, or may be found out by those 
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both. The function of a TCR driver is to compensate the effectiveness of silver diffusion over 
R and TCR of a resistor. A TCR driver exists in 5 or less % of the weight of the amount of all 
the solid-states in termination. 

[0012] As used here, TCR of a resistor is the measured value of resistance depending on 
temperature. 

[0013] hot - TCR (HTCR) - and cold - generally TCR (CTCR) is expressed by ppm/**, and 
is defined by (1) and (2). 
[0014] 
[Equation 2] 



[0015] Here, R25 is resistance expressed by omega/** in 25 degrees C (sq), R125 is 
resistance expressed with omega/** in 125 degrees C, and R-55 is resistance expressed 
with omega/** in -55 degrees C. 

[0016] Ru02 by which adding a negative TCR driver (for example, oxide of Ti, Nb, Mn, Fe, 
Co, Cr, W, Mo, V, and Sb) was terminated with silver Although it is made to decrease the 
die-length effectiveness of a resistor The hydride (for example, TiH2, ZrH2, HfH2, CbH, 
ThH4, TaH) of the metal of four groups of a periodic table and five groups has found out the 
thing effective remarkably as a driver. These hydrides are decomposed, a 
reduction-ambient atmosphere is offered and it is surmised that generation of the complex 
ion (Ag+) which the reductant ambient atmosphere diffuses in resistor glass easily in very 
migratory is checked. The metal generated after decomposition has very high reactivity, and 
makes an alloy with abundant silver in termination. Since these metals are strong reducing 
agents, the oxidation to silver complex ion is checked further. A reactant metal oxidizes 
internally in silver after baking, and it is distributed over homogeneity, and it can use to the 
diffusion (what kind of complex ion to generate together) to resistor glass. 
[0017] The TCR driver diffused on resistor glass makes R increase, and decreases TCR. 
Therefore, it compensates the effectiveness of diffusion of the complex ion to which 
decrease R and TCR is made to increase. By adjusting appropriately the class and 
concentration of a TCR driver in termination, the die-length effectiveness caused by 
diffusion of the complex ion to the inside of a resistor is essentially removable, the more 
detailed example of a TCR driver - Sb 203, Fe 203, Fe 304, W03, Nb 203, V2 05, Cr 
203, Mo03, Ti02, Mn 203, Mn03, Ta 205, and Co 203 it is . 

[0018] Furthermore, it is very effective in metal fine particles like Ti, Nb, Mn, Fe, Co, Cr, W, 
Mo, V, and Sb being independent, or being added to silver termination in the combination 
accompanied by one, or the two above-mentioned hydrides or TCR drivers or more, and 
said metal fine particles minimizing the die-length effectiveness. The reduction-ambient 
atmosphere generated by decomposition of a hydride decelerates the oxidation rate of 
metal fine particles, and it is believed that metal fine particles were enabled to act as a 
reducing agent, and generation of complex ion is checked. After the oxidization which takes 
place as a result diffuses the oxide of metal fine particles into resistor glass, serves as a 



HTCR in ppm/°C 



CTCR in ppm/°C 
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negative TCR driver, and compensates FVTCR change caused by diffusion into the resistor 
of complex ion. 

[0019] A silver dust object can have logy [ like the shape of the shape of a piece, and a 
non-piece / various / MORUHO ]. A non-flake powder object may be very good in an 
irregular form, and may be spherical. Preferably, the detailed shape of a piece and 
spherical silver dust object which has the average grain size of 1 micrometer is used. 
[0020] Another component of the silver termination of this invention is low softening 
temperature glass, is 0.1 - 15% of the weight of the whole constituent, and is 0.1 - 10 % of 
the weight preferably, and is 0.1 - 2 % of the weight more preferably. Low softening 
temperature glass means the glass which has the softening temperature below 500 degrees 
C for the softening temperature below 650 degrees C preferably, and the softening 
temperature is measured by the fiber elongating method (ASTM C 338-57) of common use. 
Therefore, the glass binder in silver termination should have the softening temperature in 
the range of 400 degrees C - 650 degrees C. The function is giving promoting fusion and 
sintering of a silver granule child, and association to a substrate. The glass used for this 
invention also needs to have low viscosity in burning temperature. It sets to burning 
temperature and is 106. It is because the glass which has the absolute viscosity of under a 
poise satisfies the demand about this silver constituent and it promotes migration of the 
inorganic compound with which this glass was along the particle boundary and opening to 
the interior of a substrate body from a constituent. 

[0021] The typical example of the glass with which are satisfied of the above conditions is Bi 
203, and 40-60 at percentage by weight ;P They are bO, 28-37; and B-2 03, and boric-acid 
bismuth lead glass containing 3-32. Especially desirable glass is Bi 203 and 60% ;P bO 
and 37%; and B-2 03, and 3% are contained, in addition, aluminum 203, CaO, MgO, ZnO 
and Ti02, and Zr02 etc. - they are stable, endurance is high, and it offers having the 
softening temperature within the pointed-out limits, and the embellished lead borosilicate 
glass is also suitable. The example of other suitable low softening temperature glass 
:alumino lead borosilicate-zinc (Pb-Zn alumino-borosilicate), Lead borosilicate-zinc (Pb-Zn 
borosilicate) and HOUKEI acid zinc-copper (Zn-Cu borosilicate), HOUKEI acid alkali (alkali 
borosilicate), HOUKEI acid aikali-alumino (alkari-alumino borosilicate), hoe silicic-acid 
bismuth (Bi borosilicate), and hoe silicic-acid bismuth-zinc (Bi-Zn borosilicate) is included. 
When it calcinates in [ containing a desirable burning temperature of 850 degrees C ] 
800-900 degrees C, a glass binder must give good conductivity, adhesion, and densification 
to silver termination. 

[0022] Glass is formed of the glass manufacturing technology of common use, it is mixed by 
the ratio of a request of a desired component, or the precursor 3, for example, H3 BO to B-2 
03, and it is because the mixture is heated and melting liquid is formed. Processing 
between a certain time amount is performed to peak temperature, and the melting liquid 
becomes liquefied completely, and generating of gas ends heating as you may set on the 
technique concerned and it is known. In this activity, by swaying in a jar, the component 
carries out preliminary mixing, and then is dissolved in about 1000 degrees C in a platinum 
crucible. The melting liquid was poured out into cold water next, and after dissociating from 
strong cold water, the crude frit removed the water of survival by drying in oven. Next, 
alumina balls were used and the ball milling of the crude frit was underwater carried out 
over 40 hours. After taking out the frit slurry ground from the mill, the decantation removed 
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the superfluous solvent and frit fine particles were air-dried in the room temperature. The 
dry fine particles were sifted out through the screen of 60 meshes next, and any big 
particles were removed. 

[0023] A glass powder object needs to have the grain size of less than 10 micrometers, and 
needs to have the grain size of less than 5 micrometers preferably. Similarly, in a diameter, 
a silver dust object and a TCR driver, or its precursor needs to have the grain size of less 
than 5 micrometers, and has about 1 micrometer preferably. 

[0024] It distributes in an organic vehicle and the inorganic solid-state contents (silver, glass 
and inorganic materials, or those precursors) of the silver constituent of this invention form 
the constituent paste which can be printed. By mixing mechanically using a planet mold 
mixer, it is essentially mixed with an inactive liquid medium (vehicle), then a 3 roll kneading 
machine distributes, and an inorganic particle is the suitable workability (consistency) for 
screen-stencil. And the paste-like constituent which has a rheology was formed. The 
paste-like constituent of the latter is printed as a thick film on the ceramic substrate of 
common use in the approach of common use. 

[0025] An inactive liquid may also be used for what kind of essential target as a vehicle. The 
various organic liquids which do not have or have a thickener, a stabilizing agent, and/or 
other common additives may be used as a vehicle. The example of a type of the organic 
solvent which can be used is the solution of the ethyl cellulose in a solvent like the solution 
(a thing like the polymethacrylate in lower alcohol) of the ester (it is (for example, like acetic 
ester and propionic-acid ester)) of fatty alcohol and said alcohol, a terpene (a thing like **, 
such as pine oil and a TERUPI nerol), and resin, pine oil, and ethylene glycol monoacetate 
butyl ether. A desirable vehicle uses as the base ethyl cellulose resin and alpha-, beta-, and 
gamma-TERUPI nerol (85 - 92% of alpha-TERUPI nerol which generally contains 8 - 15% 
of beta- and gamma-TERUPI nerol). A vehicle contains volatile fluid and may promote the 
high-speed coagulation after spreading to a substrate. 

[0026] It depends for the ratio of the vehicle to the solid-state in a distributed object on an 

approach to change fairly and apply a distributed object and the class of vehicle. In order to 

realize good coating weight preferably, it is made for a distributed object to contain 60 - 

90% of solid-state, and 40 - 1 0% of vehicle complementary as mentioned above. Of course, 

the constituent of this invention may be embellished by adding other ingredients which do 

not affect the useful property. Such a formula is known well for this contractor. 

[0027] A paste is idiomatically adjusted by the 3 roll kneading machine. When it measures 

with the Brookfield (Brookfield) HBT viscometer in low, inside, and a high shear rate, the 

viscosity of a paste is the following within the limits typically. 

[0028] 

[Table 1] 
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»BBfig(sqc 1 ) (Pa-s) 



02 100-5000 
300-2000 
600-1500 



4 



40-400 
100-250 
140-200 



40 



10-150 
25-120 
50-100 



[0029] The amount of a vehicle is determined by the viscosity of a formula of a final request. 

[0030] The silver constituent of this invention can be printed as a film on a substrate by 
using either an automatic printer or a manual printer by the approach of common use. 
Preferably, an automatic screen stencil-printing technique is used using the screen of 200 
meshes. 

[0031] The capacity to decrease the die-length effectiveness of the low ohm thick film 
resistor of the silver termination containing a negative TCR driver or metal hydride on 
parenchyma, or to remove it is Ru02 as a main electric conduction phase. It is limited to the 
resistor to contain. A low ohmic resistance object lower than 100ohms / ** is Pd/Ag of more 
amounts than 10 % of the weight as current operation is carried out in industry Ru02 It 
realizes by combining and adding as an electric conduction phase. Such a resistor shows 
the die-length effectiveness which is not sensitive to addition of the negative TCR driver to 
the inside of termination. 

[0032] Generally the high ohmic resistance object which similarly has the sheet resistance 
exceeding lOOohms / ** is replaced with what is used for a low ohmic resistance object, and 
the glass which has higher viscosity and softening temperature is used. Such resistor glass 
tends to make late the diffusion rate of the complex ion from termination to into a resistor, 
and causes the die-length effectiveness smaller than that by which the inclination was 
observed in the low ohmic resistance object. 

[0033] therefore, the main applications of this invention - a low ohmic resistance object - 
setting - coming out - it is - the glass of the low softening temperature [ resistor / this ] in 
hypoviscosity - using - a lot of Ru02 It is required to distribute an electric conduction 
phase and to obtain low resistance value. Although the new termination of this invention 
may be used with a high ohmic resistance object, an improvement of the observed 
die-length effectiveness is not big. Because, it is because diffusion of the negative TCR 
driver (and complex ion) which lets hyperviscous glass pass in the burning temperature of 
850 degrees C is decreasing on parenchyma. 

[0034] In preparation of the constituent of a formula and spreading this invention, a granular 
inorganic solid-state is mixed with an organic medium, and a constituent with which it 
distributes using a suitable device like a 3 roll kneading machine, suspension is formed, 
and viscosity becomes an about 100-200 pascal-second in the shear rate of 4sec-1 is 
given. 

[0035] In the continuing example, the formula was performed by the following approaches. 
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10036] Weighing capacity of the component of a paste is carried out together in a container. 
The component passes a disperser like a 3 roll kneading machine for; which is mixed 
violently next and forms the compound of homogeneity, next its compound, and realizes 
good distribution of a particle. In order to determine the condition of distribution of the 
particle under paste, the Hegemann gage (Hegman gauge) was used. It inclines so that this 
measuring instrument may consist of slots under metal block, and that slot may have a 
depth of 25 micrometers (1mil) at one end and it may become the depth 0 at another end. A 
blade is used. A paste is pulled down along the die-length direction of the slot. It is a 
scratch (scratch) to a slot in a larger place than the depth of the diameter fang furrow of an 
aggregate. It appears. Enough distributed objects come to give the 10-18-micrometer 
scratch point of 1/4 typically. The point that one half of slots was exposed using the paste 
distributed good is 3-8 micrometers typically. > 1/4 20-micrometer measurement and 1/2 
measurement of >10micrometer point out the suspension distributed imperfectly. 
[0037] Next, on a substrate like alumina ceramics, generally, a constituent reaches and is 
most preferably applied to the humid thickness of 40-50 microns by 35-70 microns of about 
30-80 microns of processes of screen-stencil. The constituent of this invention can be 
applied on a substrate using either an automatic printer or a manual printer by the approach 
of common use, and the automatic screen-stencil technique using the screen of the 
325-mesh from 200- is used preferably. The printed pattern is about 150 degrees C under 
from 200 degrees C next, and is dried over about 5-15 minutes before baking. The 
band-conveyor furnace at which baking for sintering both inorganic binder and particle of 
the metal divided minutely was ventilated effectively preferably is used. The band-conveyor 
furnace damages an organic substance by fire in about 300 degrees C - 600 degrees C, 
and the cooling process by which the period of an about 800 degrees C - 1000 degrees C 
maximum temperature continued for abbreviation 5 to 15 minutes, and was controlled 
following it prevents fracture of the substrate which superfluous sintering, the unnecessary 
chemical reaction in an intermediate temperature, or too quick cooling causes following it. 
All baking procedures are preferably continued exceeding the period for about 30 - 60 
minutes. In 10 - 25 minutes, the baking procedure reaches the burning temperature of 850 
degrees C, and is said to about 10 minutes and cooling as about 10-25 minutes in burning 
temperature, in some cases, complete-cycle time amount may be short used like 7-14 
minutes of 20 - 30 minutes by baking of common use, and infrared baking. 
[0038] By introducing an actual example indicates this invention covering the further detail. 
However, the range of this invention is not limited by these actual examples in any 
semantics. 

[0039] All the values given to front Naka are the percentage by weight to all constituents. 
[0040] 

[Example] The following constituents are available silver termination constituents 

commercially, and are enumerated how. 

[0041] 

Constituent A - Silver termination constituent 5426 constituent B - Silver termination 
constituent QS171 constituent C - Silver termination constituent 6160 constituents A, B, and 
C are more nearly available than I eye E. I. du Pont de Nemours dough NUMURU- and - 
company (E.I.Du Pont de Nemours and Company, Wilmington, OE). 
[0042] Similarly, a thing as shown in Table 2 is the silver termination constituent of the 
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addition which may be used for this invention. 
[0043] 

Table 2] 
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( x * ;i/-b ju □ - x/5r)\, tf # 3T - Jl») 




OA A 


OA £ 


OA C 




£4.3 


7 v v hi 




0.67 


0.45 


0.45 


0.59 


0.45 


Ml 


0.31 












7 'J v Ml! 


0.93 












7 «i 7 MV 




0.09 


0.06 


0.06 


0.78 


0.06 


7»Jy hV 




0-23 


0.15 


0.15 


0.2 


0.15 


7 r J y KVI 


0.31 


0-22 


0.15 


0.15 


0.2 


0.15 



"TC R K^YM- 



[0044] The frit constituent used in constituent D-l is found out by Table 3. 
[0045] 

Table 3] 







1 


II 


III 


IV 


V 


VI 
















PbO 


55.9 


66 


51 


78.1 






SiCfe 


28 


23 


26.1 




24.9 




Bj0 3 


8.1 


8.5 


6.94 




6.46 




AlpOg 


4.7 


2.5 


6.69 








*Ti0 2 


3.3 




4.56 




13.8 




ZnO 






2.79 








CuO 












9.1 


*MnO 










54.8 




CaO 














GeOj 








21.9 




90.9 


BiaOa 
















100 


100 


100 


100 


100 


100 



*TCR K5<f/<- 



[0046] It sets by examples 1-67, and silver termination is printed on the resistor (R1-R4) of 
10 ohms of nominal ratings. This resistor is used and the general usefulness of this 
invention in decreasing remarkably the die-length effectiveness generally observed in the 
short resistor terminated using silver is explained, the electric conduction phase of those 
resistors - Ru02 it is - in order to acquire the sheet resistance of low 10ohms / ** - typical 
- Ru02 of 40% of the weight or more of a solid amount It exists. Although the glass 
properties of those resistors differ remarkably, those resistor glass is the low softening 
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temperature of the range of 400-650 degrees C and good humidity, distribution, and Ru02. 
It has the low viscosity in the range of 800-900-degree C burning temperature which makes 
possible densification by sintering of an electric conduction phase. The resistor constituents 
R2 and R3 are commercial constituents, and are identified as follows. 
[0047] 

R2 - Resistor constituent 201 1 R3 - A resistor constituent is the mixture of the weight ratios 
50/50 of 2011 and 1711. 

[0048] Constituents R2 and R3 are more nearly available than I eye E. I. du Pont de 
Nemours dough NUMURU- and - company (E.I.Du Pont de Nemours and Company, 
Wilmington, DE). 

[0049] The constituent of R1 and R4 is given to Table 4. 
[0050] 



[Table 4] 




Ri-_t£% 






Rlf0 2 


41.04 


RU<V 


40.32 


Ag_0 


1.44 


Ag_C 


1.44 


Mn0 2 


0.36 


TiO a 


1.44 


















a 


2.16 


a 


2.16 


b 


2.88 


d 


14.40 


c 


4.68 


8 


8.64 


I d 


19.44 


f 


3.60 




28.00 




28.00 



*3fr«fc' t ^;nz;u p - x a j: (fv-tu t* * - ;u 



[0051] The formula of a-f is given to Table 5. 
[0052] 

Table 5] 





a 


a. 


b 


c 


d 


e 


f 


AI_O s 




1.1 












BaO 














20.90 


Bi02 




75.1 












B_0 3 






18.24 


6.80 


8.5 


3.08 


28.02 


CuO 


140 










2.76 




CaO 




2.4 










5.96 


MgO 














5.50 


MnO 








9.41 








Mn0 2 
Nb 2 O s 


21.5 
















16.32 










p_o* 














1.86 


PbO 




10.9 


6.33 


52.80 


66.0 


58.90 




Si0 2 




9.3 


3.84 


18.40 


! 23.0 


29,52 


11-19 


TT0 2 








10.59 








ZnO 


14.5 


1.2 


55.28 






2.59 


9-34 


ZrG 2 














8.62 


a 1 


50.0 















[0053] 



9 of 18 



5/20/2007 9:59 PM 



JP, 1 1 - 1 2082 1 ,A [DETAILED DESCRIPTION] http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_eije 



[Table 6] 













dHTCR 


dCTCR 


#^ 


»* 




mm% 


HTCR 

0.25mm 


HTCR 
125mm 


CTCR 

W I VI 1 

055mm 


CTCR 

W ■ w*» 

155mm 


(0.25-1 .25mm) 


1 


H1 


A 


Nono 


280 


52 


219 


-18 


228 


237 


2 


R1 


A+ 


1.5% 

T10 2 


110 


115 


86 


90 


-5 

w 




3 


R1 


A+ 


3.0% 
Ti0 2 


-194 


-73 

/ w 


-302 


-160 

1 WW 


-191 




4 


R1 


A+ 


4.0% 


194 


2t 




i -52 


10^ 


1HT 
11// 


5 


R1 

n i 


A-t- 


4 0% 

MnO z 


1 WQ 




w# 


-41 


106 


QQ 


0 


R1 


0 


Noci© 




72 


**w~ 


c 

w 


39B 


434 


7 


R1 


B+ 


1.5% 
T10 2 


111 


113 


79 


75 


_o 


A 


8 


R1 


B+ 


3.0% 
TiQ_ 


-146 


-58 


-24A 


-14** 


oo 


-10*5 


9 


R1 


B+ 


4.0% 
Nb_0 6 




53 

WW 




-1fi 




3ftfi 

uUU 


10 


R1 


B+ 


4.0% 
Mn0 2 


300 

www 


56 

WW 


243 

<— ^w 


-14 


244 




11 


R1 


c 


None 


259 

fcWW 


47 


204 


-24 


212 


22B 


12 


R1 


C+ 


1.5% 
Ti0 2 


-100 


-138 


-162 


-202 


38 


40 


13 


R1 


c+ 


3.0% 
TiOg 


-474 


-247 


-634 


-367 


-227 


-267 


14 


R1 


c+ 


4.0% 
Nb,O s 


95 


23 


22 


-51 


72 


73 


15 


R1 


c+ 


4.0% 
Mnp2 


137 


26 


58 


-49 


111 


107 



[0054] 
[Table 7] 
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M 




ate 


dHTCR 


dCTCR 




#5 




mm% 


HTCR 
0.25mm 


HTCR 
1.25mm 


CTCR 
0.25mm 


CTCR 
125mm 


(0.25-1 .25mm) 


1 


R1 


A 


None 


258 


47 


193 


-23 


211 


216 


2 


R1 


A+ 


15% 
Ti0 2 


-6 


-1 


-91 


-77 


-5 


-14 


3 


R1 


A+ 


3.0% 
■nOj 


-237 


-87 


-350 


-177 


-150 


-173 


4 


R1 


A+ 


4.0% 


90 


14 


18 


-59 


76 


77 


5 


R1 


A+ 


4.0% 
MnO a 


100 


27 


13 


-49 


73 


62 


6 


R1 


B 


None 


550 


79 


522 


13 


471 


509 


7 


R1 


B+ 


15% 
Ti0 2 


174 


35 


112 


-36 


139 


148 


8 


R1 


B+ 


3.0% 
Ti0 2 


-175 


-57 


-278 


-141 


-118 


-137 


9 


R1 


B+ 


4jO% 
NbtO s 


356 


58 


309 


-11 


298 


320 


10 


R1 


B+ 


4.0% 
Mn0 2 


329 


53 


272 


-18 


276 


290 


11 


R1 


C 


None 


273 


47 


217 


-24 


226 


241 


12 


R1 


C+ 


15% 
Ti0 2 


.50 


-15 


-140 


-93 


-35 


-47 


13 


R1 


C+ 


3.0% 
H0 2 


-422 


-196 


-570 


-308 


-226 


-262 


14 


R1 


C+ 


4.0% 
Nb 2 0 6 


61 


5 


-15 


-70 


56 


55 


15 


R1 


C+ 


4.0% 
MnQ 2 


146 


25 


67 


-49 


121 


116 



[0055] 
[Table 8] 



u of 18 



5/20/2007 9:59 PM 



JP,11-120821,A [DETAILED DESCRIPTION] http://wvm4Jpdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 











mm/mi* 


dHTCR 


dCTCR 








mm 


HTCR 

0.25mm 


HTCR 
1 ,25mm 


CTCR 
0.25mm 


CTCR 
1 _25mm 


(0.25-1 .25mm) 


16 


R2 


A 


None 


158 


17 


84 


-72 


141 


156 


17 


R2 


A+ 


1.5% 
Ti0 2 


-47 


-45 


-117 


-116 


-2 


•1 


18 


R2 


A+ 


3.0% 
Ti0 2 


-259 


-60 


-222 


-158 


-199 


-64 


19 


R2 


A+ 


4.0% 
Nh_D 3 


-121 


-46 


-234 


-142 


-75 


-92 


20 


R2 


A+ 


4.0% 
Mn0 2 


153 


13 


70 


-75 


140 


145 


21 


R2 


B 


None 


337 


39 


274 


-46 


298 


-235 


22 


R2 


B+ 


1.5% 
T10_ 


200 


204 


169 


173 




Oo 


23 


R2 


B+ 


3.0% 
TiO a 


-IQ 


vJ 1 


1 IO 


- 1 CM 


12 


85 


24 


R2 


B+ 


4.0% 


66 


-2 


-23 


^91 


68 


21 


25 


R2 


B+ 


4.0% 
MnOs 


287 


31 


218 


-55 


256 


-187 


26 


R2 


C 


None 


173 


18 


94 


-69 


155 


163 


27 


R2 


C+ 


1.5% 
TTQ 2 


69 


7 


36 


-34 


62 


70 


28 


R2 


C+ 


3.0% 
TiO_ 


-171 


-74 


-301 


-181 


-97 


-120 


29 


R2 


C+ 


4.0% 
Nb 2 0_ 


-99 


-37 


-210 


-133 


-62 


-77 


30 


R2 


C+ 


4.0% 
Mn0 2 


171 


17 


90 


-71 


154 


161 



[0056] 
[Table 9] 
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tw 


dHTCR 


dCTCR 


#^ 


t&tKi* 




mm 


HTCR 
0.25mm 


HTCR 
1.25mm 


CTCR 
025mm 


CTCR 
125mm 


(0.25-1.25mm) 


16 


R2 


A 


None 


138 


17 


52 


-72 


121 


124 


17 


R2 


A+ 


1.5% 
TK5 2 


■AZ 


-29 


-145 


-124 


-13 


-21 


18 


R2 


A* 


3.0% 
TO z 


-151 


-67 


-271 


-166 


84 


-105 


19 


R2 


A+ 


4.0% 
NbaO« 


-112 


-51 


-231 


-148 


-61 


-83 


20 


R2 


A+ 


4.0% 
Mn0 2 


151 


14 


65 


-75 


137 


140 


21 


R2 


B 


Norte 


427 


20 


370 


-40 


407 


410 


22 


R2 


B+ 


1.5% 
Ti0 2 


180 


-17 


106 


69 


197 


175 


23 


R2 


B+ 


3.0% 
TiO z 


-1 


6 


•99 


-107 


-7 


8 


24 


R2 


B+ 


4.0% 
NbaOs 


120 


31 


31 


-82 


89 


113 


25 


R2 


EJ+ 


4.0% 
Mnpg 


319 


19 


250 


-56 


300 


306 


26 


R2 


C 


None 


196 


19 


122 


-68 


177 


190 


27 


R2 


C+ 


1.5% 
TlOj 


-54 


-20 


-152 


-113 


-34 


-39 


28 


R2 


C+ 


3.0% 
TfQ 2 


-14 


-65 


-257 


-165 


51 


-92 


29 


R2 


C+ 


4.0% 
NbA 


-96 


-45 


-206 


-142 


-51 


-64 


30 


R2 


C+ 


4.0% 
MnO a 


185 


17 


103 


-73 


168 


176 



[0057] 
{Table 10] 
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dHTCR 


dCTCR 


m 




ess 


Sin® 


HTCR 
025mm 


HTCR 
1.25mm 


CTCR 
025mm 


CTCR 
125mm 


(025-1 25mm) 


31 


R3 


A 


None 


98 


-32 


11 


-122 


130 


133 


32 


R3 


A4 


3.0% 
Ti0 8 


-270 


-199 


-408 


-320 


-71 


-88 


33 


R3 


A+ 


4.0% 
NbA 


-152 


-88 


-276 


-187 


-64 


-89 


34 


R3 


At 


4.0% 
Mn0 2 


67 


-37 


-27 


-128 


104 


101 


35 


re 


B 


None 


226 


-5 


148 


-91 


231 


239 


36 


R3 


B+ 


3.0% 
TiC_ 


-60 


-77 


-175 


-174 


17 


-1 


37 


re 


B+ 


4.0% 
NbA 


6 


-48 


-93 


-141 


54 


48 


3B 


re 


B+ 


4.0% 
Mn0 2 


193 


-18 


115 


-106 


211 


221 


39 


R3 


C 


None 


108 


-23 


28 


-110 


131 


138 


40 


R3 


c+ 


3.0% 
TiCfe 


-449 


-334 


-616 


-478 


-115 


-138 


41 


re 


c+ 


4.0% 

NbA 


-254 


-107 


-389 


-209 


-147 


-180 


42 


re 


c+ 


4.0% 
MnO z 


90 


-27 


-2 


-116 


117 


114 



[0058] 
Table 11] 















Sift 


dHTCR 


dCTCR 


w 
#^ 


IS 






HTCR 
0.25mm 


HTCR 
1.25mm 


CTCR 
0.25mm 


CTCR 
1.25mm 


(0.25-1 25mm) 


31 


re 


A 


None 


127 


-24 


! 54 


-112 


151 


166 


32 


R3 


A+ 


30% 
TiOa 


-294 


-165 


-442 


-280 


-129 


-162 


33 


R3 


A+ 


4.0% 
NbA, 


-154 


-80 


-281 


-178 


-74 


-103 


34 


R3 


A+ 


4.0% 
Mn0 2 


98 


-28 


8 


-118 


1Z6 


126 


35 


R3 


B 


None 


281 


1 


214 


-83 


280 


297 


36 


R3 


B+ 


3.0% 
TiOj 


-113 


-101 


-233 


-203 


-12 


-30 


37 


R3 


B+ 


4.0% 
NbA 


60 


-36 


-29 


-126 


96 


97 


38 


R3 


B+ 


4.0% 
MnOj 


228 


-11 


154 


-98 


237 


252 


39 


re 


C 


None 


135 


-12 


65 


•98 


147 


163 


40 


re 


C+ 


3.0% 

TiQ, 


-431 


-270 


-594 


-402 


-161 


-192 


41 


re 


c+ 


4.0% 
NbA 


-257 


-110 


•396 


-213 


-147 


-183 


42 


re 


c+ 


4.0% 
MnOz 


99 


-21 


8 


-108 


120 


116 
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[0059] 
Table 12] 













dHTCR 


dCTCR 


fid 


#^ 


mm 


mm% 


HTCR 

0.25mm 


HTCR 
1.25mm 


CTCR 

0.25mm 


CTCR 
1.25mm 


{0.2S-1.26mm) 


43 


R1 


A 


None 


280 


52 


219 


-18 


228 


237 


44 


R1 


A+ 


3%NbH 


141 


22 


69 


-52 


119 


121 


45 


R2 


A 


None 


158 


17 


84 


-72 


141 


156 


46 


R2 


A+ 


3%NbH 


-27 


-44 


-132 


-141 


17 


9 


47 


R3 


A 


None 


98 


-32 


11 


-122 


130 


133 


48 


R3 


A+ 


3%NbH 


32 


-57 


! -52 


-154 


89 


102 


49 


R1 


C 


None 


259 


47 


204 


-24 


212 


228 


50 


R1 


C+ 


3%NbH 


50 


15 


-30 


-62 


35 


32 


51 


R2 


C 


None 


173 


18 


94 


-69 


155 


163 


52 


R2 


c+ 


3%NbH 


-101 


-35 


-211 


-131 


-66 


-80 


53 


R3 


c 


None 


108 


-23 


28 


-110 


131 


138 


54 


R3 


c+ 


3%NbH 


-232 


-111 


-366 


-216 


-121 


-150 


55 


R2 


A 


None 


158 


17 


84 


-72 


141 


156 


56 


R2 


A+ 


1%TiHs, 


110 


19 


28 


•68 


91 


96 


57 


R2 


A+ 


3%-nHa 


-99 


-18 


-205 


-108 


-81 


-97 



[0060] 
Table 13] 















5ttt 


dHTCR 


dCTCR 


n 
#^ 


mm 
#^ 


m& 


msH 


HTCR 
0.25mm 


HTCR 
1.25mm 


CTCR 
0.25mm 


CTCR 
125mm 


(0.25-t.25mm) 


43 


R1 


A 


None 


258 


! 47 


193 


-23 


211 


216 


44 


R1 


A* 


3%NbH 


132 


28 


57 


-46 


104 


! 103 


45 


R2 


A 


None 


138 


17 


52 


-72 


121 


124 


46 


R2 


A+ 


3%NbH 


77 


^5 


-16 


-98 


82 


82 


47 


R3 


A 


None 


127 


-24 


54 


-112 


151 


166 


46 


R3 


A+ 


3%NbH 


18 


•54 


-75 


-151 


72 


76 


4» 


R1 


C 


None 


273 


47 


217 


-24 


226 


241 


50 


R1 


C+ 


3%NbH 


57 


10 


-25 


-67 


47 


42 


51 


R2 


c 


None 


196 


19 


122 


-66 


177 


190 


52 


R2 


c+ 


3%NbH 


-94 


-95 


-192 


-176 


1 


-16 


53 


R3 


c 


None 


135 


-12 


65 


-98 


147 


163 


54 


R3 


c+ 


3%NbH 


-246 


-128 


-369 


-235 


-118 


-134 



[0061] 
[Table 14] 
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dHTCR 


dCTCR 


« 




mi® 


fi£9< 


HTCR 


HTCR 


CTCR 


CTCR 

1 P'smm 
■ .fcjt i ii 1 1 


(0.25-1 .25mm) 


58 


R2 


A+ 


3% 

■ V! 0 


50 


9 


-36 


-78 


41 


42 


£9 


R2 


A* 


3% 

MnTiQs 


41 


8 


-51 


-80 


33 


29 


60 


R2 


A+ 


3% TIC 




14 


15 


-73 


Rft 


Uu 


61 


R2 


A* 


3% 
Ag2W0 4 


59 


0 


-27 


-88 


59 


fi1 


62 


R4 


A 


None 


273 

LI J 


109 


260 

bin/ 


88 


164 


172 


63 


R4 


A+ 


3% 
Nb 2 O s 


218 


105 


200 


84 


113 


116 


64 


R4 


A+ 


3% 
MnTiO^ 


74 


78 


25 


50 


-4 


-25 


65 


R4 


A+ 


3%TiC 


215 


102 


194 


81 


113 


113 


66 


R4 


A+ 


3% 


121 


76 


98 


53 


45 


45 


67 


R4 


A+ 


3%TiH z 


129 


81 


104 


57 


48 


47 



[0062] It is convenient to use the difference (dHTCR and dCTCR) in TCR of a between with 
a die length [ of 0.25mm ] and a die length of 1.25mm as criteria of the die-length 
effectiveness to the comparative purpose, referring to Table 14 from Table 6. dHTCR and a 
dCTCR value are found out by the train by which the label was carried out such in Table 1 1 
from Table 6 about the termination/resistor co-burned about the termination / resistor by 
which sequential baking was carried out. 

[0063] As shown in Table 6 to the table 1 1 , they are Ti02 and Nb 205. And Mn02 When a 
driver is added by Termination A, B, and C, TCR of a resistor is ** made into a negative 
direction to the termination which is not doped. Data are given about the case by which 
sequential baking of die length of 0.25mm and the 1 25mm resistor was carried out with 
termination in the profile for 850 degrees C / 30 minutes of a criterion where it reached and 
co-burns. TCR of the resistor terminated using the termination A, B, and C which does not 
contain an additive is also shown for the comparison purpose. 

[0064] In each ****, TCR is ** made more into the negative direction with the driver additive [ 
as opposed to termination in forward TCR with short high 0.25mm resistor J. Therefore, it is 
possible by controlling the concentration of the TCR driver to termination to adjust TCR of a 
resistor to + / -100 ppm [ degree C ] /or a better allowed value, the line by which the label 
was carried out to dHTCR and dCTCR was doped by the driver - it is - it is ~ the 
difference of the TCR value between resistors (0.25mm after [ by which sequential baking 
was carried out in the termination which is not dooed 1 reachino and co-burnina. and 

i -*-v>i i ii i ly io vji Vvi i. I i iw UiC iwi iU, Li i KZi iCuiiVwi iCOG Ui ii iw i COiOlwi iv?i Ciiiy U,i VCi I CtO Ui i i LrIA 

and dCTCR into Table 6 to the table 14 is decreasina considerably, when the termination bv 

VvhiCh the dfiVBF Vv3S depSvj 15 USed. 

[0065] TiO F on biasing toward a negative direction TCR of a resistor short in order to 

^Ui i IfJK^i iOCSLw iUiVwuiU i wF\ WHfUii UiiiUSiUii ui ii iC OUi i iUivTA iUii LU ii iO ii iDiUC Ui Ci iCOIOiUi 

causes, and as oooosed to termination 12 Addition is Nb 205 at weiaht criteria. And Mn02 It 

i5 ctt&CtiVe. Am example IS 1% ut TiQ2 addud tu Silver t B f m i H S ii u H . I icsVmQ ChciugSd TCR ut 

G.ZGnim resistor exceeding -IGOpprn/degree C is shown. 
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[0066] the TCR driver additive to the termination to which the data of Table 12 to the table 

14 decrease in number the die-length effectiveness - for example, T102 and Nb 205 And 
MnOX etc, -- it is shown that there is no need of being limited to a simple oxide. The 
compound of TI, Nb, W, and Mn Is also equally effective. MnTiO [ as opposed to / as shown 
in Table 7 / Termination A ]3, TiC, Ag2 W04, and NbH and TiH2 The die-length 
effectiveness In which addition decreased as compared with the termination A which is not 
doped was produced as a result. Slight TiH2 to termination The remarkably effective thing 
was found out in addition decreasing the die-length effectiveness of a resistor. T1H2 It 

decomposes to Ti metal during baking, and the metal alloys with silver termination The 

yuiiUiuiud hydrogen gives a reduction-ambient atmosphere and It is believed that It can 
promote that the ambient atmosphere prevents formation of complex ion and diffusion into a 

Ti.:.. : it...: t • :t i .-• *" • - — • - 

^ i^yvu IV) Willi VUMUIUUUV/II VI UIV p\/«fV/IIUI I W I \ Ul II Wit I 



i s vj v vs j uiswuvw ::: t 1 tti in ( n£_»i iy uiv u:v sucyu! \ 

FftOfi?! W rsrirf '.vhnn rfifnrririrs in drawing 3 ArsH TiH? nf rrsrite! rnrfijrJrsn rsfsfjritp. rt::nh r. 
Or. RiiC >? also with th« short addition (silver termination r.nnstifsipnts F R and f found out 

— : ' : _ —~- \ jl_ jl: t_ : ; z. : i: iz. i_ . ; „ . z-t zz. _ii ^z, :. 

v.:i vvvi i ultiv *»y iv uiv uwjsiwiiiuw view: iu: 1 1 m luuvi i si ivutiu \/ui u:ui u xvuiu uiiwuuvv 1 1 : 

setting anri controlling the riie-fength effectiveness A metal reducing agent Is TiH? of a 
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mnfiO] pf3^yjpg 3 ir: r;hr:!.vr; fir": f"! f: :f:r:f ir:!": T:f fhr ^rlr- !:T:f?fh r*":f OaI*.*% ^ ( h; a u<> 0-« 

nominal rations which r^rrl^d out sequential hakinn of the HTCR on termination with 

_ : : z. : :-r-_-- _ ^ ; : : : i : i . . jl -_ : ^_ 

vuai ivuu uuui tvui it tfinuii i : : wi > vs : \ s uvwt : ipui itvv vy vvs touiuui tt / •» :: tvt vuww uvwi vn :y tv 

resistor die length decreasing, and this is a property ohserved typically However, the curve 

iv v/ui iuiuuu:iM i—, s » v-*| wi iv $ yivuisv wt ~y : uwtu &. y iv? n iv t y v v v: is isivwituvit, ut iu it iucu 

suiiauie csuuiuun iv biivei iei miiicuiun. 

[00801 If sets fn bias TOR of R? toward a neoafive direction and is MnO? Addition should 

uu uuuuwuu vt :t :tuv:::vj : tvt wvt t vsiwlsw. 

a sionificant aninunt is already .saturated therefore Is MnO? of the addition from 

tvt 1 1 x:i iuliui t. sc. isuu usimv/ui t s v vtt wtt if vi tv tt tv vtv ivi tyn 1 vi • vvtt rvi i wuj vt u tw 

rnnTHl Drawing 4 'lll:^Tft::'::: ::'::^::r:-r::r:: : :: :":f : I: ;*::':::*: : Tf: :V ": "; vi/h^" 

HKiiuired hv on^ration of this invention Thin rirawinn is the die-lennfh effectiveness of 
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[00711 

^•—iivvt vi ti :v iiiv vt i ti vi j j it jo t s ru w tvt ts sv wssutttwtit tv v wi vu w ti :v viv iuti\jin 

Hfrrri-JivfTiirryiS of the resistor terminated with silver about the new constituent for the 

tvi 1 1 en iuuui i ivs uuLu:ititty tJ vti tvtv: uisv«rw euitcw :i i : wit, vvtttiwt tt :v vs t wtt e vt tvoo v: tt nu 

\svoo lc »ttt s i wvtttttvy t/j tr7tttvtt ttitv itivviittvii »»«v tvtttitttvtw jmn urtt v vt tt tv u^/piuuwn vt tt tv 

» * r « • ii i - 3 1 1 re * * r *j • * - < i i- 1/ 

fi/vir » -t lj-a it /i urri ..TTn.-jfjiu i / irr t iirt-rrrr it 1 1 1 i m i m #i i vr:; ir-r.T.-i in rr i rT.ii.iii — n i.t — d irr inii/c-ri nt iti/ui 

t t ivttAt itjvttw v: i ws \ t iu^ul; v v tit tttv upp: uuue t tj«t tv* ui, it ivttxi tti iv vut uuiwo ui v vvv\ 

Vtt UVVttt^ LV u ottvvt tvt t t tit ItJCtl VI t vvt tvtitwt tt. 
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